Variable contributions of tyrosine residues to the structural and spectroscopic properties of the factor for inversion stimulation.
The diverse roles of tyrosine residues in proteins may be attributed to their dual hydrophobic and polar nature, which can result in hydrophobic and ring stacking interactions, as well as hydrogen bonding. The small homodimeric DNA binding protein, factor for inversion stimulation (FIS), contains four tyrosine residues located at positions 38, 51, 69, and 95, each involved in specific intra- or intermolecular interactions. To investigate their contributions to the stability, flexibility, and spectroscopic properties of FIS, each one was independently mutated to phenylalanine. Equilibrium denaturation experiments show that Tyr95 and Tyr51 stabilize FIS by about 2 and 1 kcal/mol, respectively, as a result of their involvement in a hydrogen bond-salt bridge network. In contrast, Tyr38 destabilizes FIS by about 1 kcal/mol due to the placement of a hydroxyl group in a hydrophobic environment. The stability of FIS was not altered when the solvent-exposed Tyr69 was mutated. Limited proteolysis with trypsin and V8 proteases was used to monitor the flexibility of the C-terminus (residues 71-98) and the dimer core (residues 26-70), respectively. The results for Y95F and Y51F FIS revealed a different proteolytic susceptibility of the dimer core compared to the C-terminus, suggesting an increased flexibility of the latter. DNA binding affinity of the various FIS mutants was only modestly affected and correlated inversely with the C-terminal flexibility probed by trypsin proteolysis. Deconvolution of the fluorescence contribution of each mutant revealed that it varies in intensity and direction for each tyrosine in WT FIS, highlighting the role of specific interactions and the local environment in determining the fluorescence of tyrosine residues. The significant changes in stability, flexibility, and signals observed for the Y51F and Y95F mutations are attributed to their coupled participation in the hydrogen bond-salt bridge network. These results highlight the importance of tyrosine hydrogen-bonding and packing interactions for the stability of FIS and demonstrate the varying roles that tyrosine residues can play on the structural and spectroscopic properties of even small proteins.